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Short Research Article
The Effect of a Verbal Concurrent
Task on Visual Precision in Working
Memory
Ed D. J. Berry1 , Richard J. Allen1, Amanda H. Waterman1, and Robert H. Logie2
1 School of Psychology, University of Leeds, UK
2 Department of Psychology, University of Edinburgh, UK
Abstract: By investigating the effect of individualized verbal load on a visual working memory task, we investigated whether working memory
is better captured by modality-specific stores or a general attentional resource. A visual measure was used that allows for the precision of
representations in working memory to be quantified. Bayesian analyses were employed to contrast the likelihood of our data assuming a small
versus a large effect, as predicted by the differing accounts. We found evidence that the effect of verbal load on visual precision and binary
feature recall was small. The results were indeterminate for the size of the dual task effect on verbal accuracy and the probability of recalling a
continuous target feature. These results, in part, support a multiple component account of working memory. An analysis of how the chosen
effect intervals affect the results is also reported, highlighting the importance of making specific predictions in the literature.
Keywords: working memory, dual task, cognitive load, visual memory, short-term memory
Dual task paradigms, in which participants complete two
tasks individually and then concurrently, have been used
since the inception of working memory research (Baddeley
& Hitch, 1974). Such paradigms have likely endured due to
the simplicity of their logic: If two tasks draw on the same
parts of the cognitive system, then people should be worse
at doing them together than carrying out the single tasks
alone. This logic has been pivotal in establishing multiple
component accounts of working memory (Baddeley,
2012). Such accounts vary but share the view that storage
in working memory (WM) is served by distinct stores for
phonological versus visuospatial information, together with
an executive resource that co-ordinates the domain-specific
stores. In addition, Baddeley (2000) proposed an amodal
store, the episodic buffer, to store integrated items. Others
have suggested that binding is served by communication
between domain-specific resources without the need for
the concept of an executive resource or an episodic buffer
(Logie, 2016) and that there may be multiple “executive”
resources, each of which supports a specific function,
including task switching, updating, and inhibition (e.g.,
Miyake et al., 2000), as well as communication between
domain-specific stores, and implementation of mnemonic
strategies.
Classically, the observation that dual task interference is
limited when each task involves different modalities has
been taken as evidence for modality-specific storage capac-
ities. For example, Cocchini, Logie, Della Sala, MacPherson,
and Baddeley (2002) asked participants to retain a sequence
of digits with sequence length set at the span of each partic-
ipant. During a 15-second retention interval, participants
either saw a blank screen or were shown a series of random
square matrix patterns in which half the squares were black
and half white. Following each pattern, they were shown a
blank matrix and were asked to recall which squares had
previously been shown in black. After the blank or filled
retention interval, participants were asked to recall the digit
sequence. The matrix recall task was also performed with-
out the verbal memory preload. Recall of the digits was
unaffected by the matrix recall task during the retention
interval, and recall of the matrix patterns was unaffected
by having a digit memory preload. In contrast, when a single
matrix pattern was used as a memory preload, and the
15-second retention interval was filled by a perceptuo-motor
tracking task, there was significant disruption of recall of
the matrix pattern, relative to the condition with a blank
retention interval. Digit recall was unaffected when the
retention interval was filled with the tracking task.
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This picture has been complicated recently by the obser-
vation of asymmetric dual task costs between verbal and
visual domains, where the effect of a verbal load on visual
working memory was found to be larger than the effect of a
visual load on verbal memory (e.g., Morey, Morey, van der
Reijden, & Holweg, 2013; see Morey, 2018 for a review).
This contrasts with previous studies that have shown the
domain-specific verbal and visual dual task costs to be sym-
metric (Farmer, Berman, & Fletcher, 1986; Logie, 1986;
Logie, Zucco, & Baddeley, 1990). The manipulation of
the cognitive load of a secondary task (e.g., Doherty &
Logie, 2016; Logie, Cocchini, Della Sala, & Baddeley,
2004) has also been important for multiple component
models. The load can be set so that it is below, at, or above
each participant’s capacity to store information in service of
a single task. Here, the concern is not the “code” in which
information is stored but the role of executive resources in
a task. Any detrimental effects on a concurrent task of
increasing cognitive load above the capacity of a passive
store might imply a role for executive resources in that task,
for example, to implement mnemonic strategies.
In contrast to the multiple component accounts of work-
ing memory, the embedded processes account does not
make use of modality-specific stores (Cowan, 2005).
Rather, as items are presented their features are automati-
cally activated in long-term memory (LTM). Embedded
within this activated memory, a small number of integrated
items can be represented in a domain-general focus of
attention. Executive functions are not part of the model
as such but play a role in influencing what enters the focus
of attention. In contrast to the Cocchini et al. (2002) study,
work informed by the embedded processes account has
demonstrated substantial dual task interference between
modalities (Morey & Cowan, 2004, 2005). The memo-
randa in such cases are thought to share the limited focus
of attention, resulting in the observed drop in performance.
Proponents of embedded processes do not deny the possi-
bility of passive storage contributing to performance in
working memory (e.g., Morey & Cowan, 2005), drawing
on item features that are currently activated in LTM but
are outside the focus of attention. The question is whether
all storage in WM can be accounted for by activated LTM,
or if there are, in addition, domain-specific stores that
provide the primary hosts for temporary memory within a
multiple component working memory (Logie, 2016; see
also Norris, 2017).
Here, we aimed to contrast the predictions of Logie’s
(2011, 2016) multiple component account and a general
attentional resource account using a dual task paradigm,
within the context of a continuous response task. Follow-
ing Gorgoraptis, Catalao, Bays, and Husain (2011,
Experiment 2), our visual task required participants to view
an array of colored bars, each shown in a different orienta-
tion, and subsequently to recall the angle of orientation of
a target bar by circular, analog adjustment. By requiring
0analog recall of the angle of orientation of a target stimulus,
we obtained a fine-grained measure of the quality of repre-
sentations in WM (Zokaei, Burnett Heyes, Gorgoraptis,
Budhdeo, & Husain, 2015). Such a measure may be more
sensitive to potential dual task interference than measures
of item recall that are widely used in dual task studies.
In addition, we required participants to judge which of two
colors was present in a test array. This allowed us to explore
binary recall of a feature (color) alongside analog recall of
another feature for the same item (e.g., Pertzov, Heider,
Liang, & Husain, 2015). As well as performing this task on
its own, participants performed it while maintaining lists of
letters in memory. Crucially, here we titrated the verbal load
such that the list length was set to each participant’s span
(e.g., Cocchini et al., 2002; Logie et al., 2004). Participants
completed the letter recall task with and without the inter-
leaved visual memory task. Given that span is assumed to
reflect themaximumcapacity for immediatememory, a gen-
eral attentional resource theory (e.g., Cowan, 2005) would
assume that storing a letter sequence at span should use
most, if not all, of the focus of attention. Therefore, combin-
ing the verbal and visual tasks should result in a substantial
cost to performance on one or both memory tasks.
The multiple component account of working memory
assumes that there are domain-specific immediate memory
systems, respectively, for temporary visual storage (the
visual cache, Logie, 1995) and for phonologically based
temporary verbal storage (the phonological loop, Baddeley,
1992). A strict interpretation of this theoretical framework
would predict that there would be no reduction in perfor-
mance under dual task conditions, if we assume that span
for any given task is a pure measure of the capacity of
one domain-specific system that supports performance on
that task. However, in the multiple component framework
(Logie, 2016), it is assumed that when one component
reaches its capacity limit, other components of the system
are recruited to support performance. Span provides a mea-
sure of the capacity of the cognitive system to perform the
task, and this may reflect the use of more than one working
memory component to support performance. For example,
if a set of letters is presented visually for serial ordered
recall, then it is well established that participants typically
rely on a phonologically based representation of the letters
(e.g., Conrad, 1964), assumed to involve the phonological
loop. However, several studies have demonstrated that
participants may also retain a representation of the visual
appearance of the letters (e.g., Logie, Della Sala, Wynn,
& Baddeley, 2000; Logie, Saito, Morita, Varma, & Norris,
2016). That is, span for visually presented letters may
Experimental Psychology (2019), 66(1), 77–85 2019 Hogrefe Publishing Distributed under the
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involve both the phonological loop and at least some of the
capacity of the visual cache. If memory for the letters is
then combined with another task that involves visual mem-
ory or visual processing, not all of the capacity of the visual
component would be available. So, there would be a small
overall reduction in dual task compared with single task
performance. This effect could be mitigated by using audi-
tory presentation of the verbal memoranda, coupled with a
visually presented, nonverbal task. This is the approach
used in the experiment that we report here. However, a task
designed to test visual working memory might gain support
from some verbal storage or processing (e.g., names of
shapes or colors, or spatial orientations), even if the main
load is on a specific visual component of working memory,
so there may still be a small dual task cost even when using
different input modalities. Previous studies providing evi-
dence for domain-specific components of working memory
almost invariably show such a cost, interpreted as above.
However, most striking is that the dual task cost, even if
statistically robust, tends to be small compared to the resid-
ual levels of performance on each task when they are per-
formed concurrently (e.g., Cocchini et al., 2002; Duff &
Logie, 2001; Logie et al., 1990, 2004). Very much larger
dual task costs are observed when both tasks are chosen
to rely primarily on the same component of working mem-
ory (e.g., Logie et al., 1990).
Based on these assumptions, the current study was
designed to test distinct (preregistered) predictions con-
cerning dual task costs, derived from different theoretical
approaches to working memory, with the multi-component
model predicting a small effect size associated with dual
task costs, and the embedded processes model a medium
to large effect size.
Method
This study was preregistered on the Open Science Frame-
work. The preregistration form and a time-stamped archive
of the task and analysis scripts can be found at https://osf.
io/e5bkg. The data, materials, and all the analysis scripts
can be found at https://osf.io/59c4g/.
Participants
Thirty participants were tested (Mage = 22.97; range =
19–30). Participants were paid £7 for participating and had
normal or corrected to normal vision. Participants would
have been excluded if they had a letter span of less
than three or a known cognitive difficulty (e.g., dyslexia).
No participants were excluded. Ethical approval was
obtained from the School of Psychology Ethics Committee,
University of Leeds, UK.
Materials
All tasks were written in PsychoPy 1.84 (Peirce, 2007). The
code for all the tasks is available at https://osf.io/59c4g/.
Letter Span
Each participant’s verbal letter span was determined using
a staircase procedure. Letters were presented over head-
phones at a rate of one per second followed by a 8-second
retention interval. Participants then orally recalled the let-
ters in order, with the experimenter typing responses on a
second hidden screen. Participants began with a pair of tri-
als with lists of five letters. If 80% or more of the items
were correctly recalled (in the correct list position), then
the list length was increased by one, otherwise list length
was dfecreased by one. Participants continued this proce-
dure for eight pairs of trials. If a participant achieved over
80% of items correct on their final pair of trials, and it
was the highest list length they had reached, then addi-
tional trials were presented until less than 80% of items
were correctly recalled. A participant’s span was the longest
list length at which 80% or more of the items were cor-
rectly recalled. Letters were randomly selected from a pool
of 18 letters that excluded vowels and “y” (b, c, d, f, g, h, j,
k, l, m, n, p, q, r, s, t, v, and x) (Figure 1).
Letter Recall Task
For the letter recall task, participants completed 20 trials in
which lists of letters were presented aurally for spoken
recall. The list length on all trials was set at the previously
measured span for each individual participant. The timings
were identical to the letter span task.
Figure 1. A trial of the staircase span/letter recall tasks.
2019 Hogrefe Publishing Distributed under the
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Orientation Recall Task
Participants were presented with 3-item arrays of colored
bars measuring 2  0.3 of visual angle at different orien-
tations (see Figure 2). The colors of the three items were
randomly selected from a set of eight easily distinguishable
colors (red, orange, yellow, green, cyan, blue, pink, and
purple). The orientations were randomly selected such that
no two bars in an array were within 10 of one another. The
items were presented at a random subset of eight possible
locations equidistant on an invisible circle around fixation
with a radius of 6 of visual angle. The study array was
presented for 1 s followed by a 1-second retention interval.
Following the retention interval, two colored bars were pre-
sented and participants had to indicate which of the colors
was present in the first display. The target was always one
of the two colors presented in this recognition phase. After
participants made their response, and following a further
0.5 s delay, a bar of the same color that the participant
selected was displayed in the center of the screen. Partici-
pants were required to recall the orientation of the bar of
that color in the 3-item array using the “left” and “right”
arrow keys on a keyboard to adjust the orientation. Each
participant completed 60 trials.
Dual Task
For the dual task, participants were presented with an
at-span list of letters and completed a trial of the orientation
recall task in place of the 8-second retention interval.
The letters were then recalled orally. Participants com-
pleted 60 such trials.
Design
All participants completed all tasks in a single session lasting
approximately 1 hr with the span task first and the dual task
last. The order of the two single tasks was counterbalanced.
Results
Outcome Measures
Following our preregistration (https://osf.io/e5bkg), four
outcome measures were used to evaluate the dual task
interference effect. The first two measures were selected
to reflect previous work quantifying the fidelity with which
continuous or analog, features are represented in working
memory (e.g., Bays, Catalao, & Husain, 2009; Gorgoraptis
et al., 2011).
1. Precision: 1/circular SD of target orientations minus
response orientations, corrected for guessing by
subtracting the precision expected under a uniform
response distribution.
2. Probability of making a target response: estimated
using the mixture model described in Bays et al.
(2009).
3. Color judgment accuracy: the proportion of correct
absent/present color judgments for the visual task.
4. Letter recall accuracy: the proportion of items cor-
rectly recalled for the letter recall task.
Code to calculate the first two outcome variables are
implemented in Matlab by Paul Bays (http://www.
paulbays.com/code/JV10/index.php) and has been trans-
lated into R by EDJB (https://github.com/eddjberry/
precision-mixture-model).
Confirmatory Analysis
Analysis was carried out using the Bayes Factor package
(Morey & Rouder, 2015) in R (R Core Team, 2016). For
each outcome measure, the posterior estimates and 95%
Bayesian credible interval for the mean difference between
the single and dual task conditions are reported. The 95%
credible interval excluding zero could be interpreted as sug-
gesting a difference between the two conditions (Kruschke,
2014). Secondly, Bayes Factors are used to determine how
likely the data are under a model assuming a small dual
task interference effect versus a model assuming a medium
to large effect. A small effect was defined as the interval
from 0 to 0.3 for a standardized effect size. A medium to
large effect is defined as the interval from 0.5 to infinity
(e.g., R. D. Morey, 2014). Figure 3 shows how the prior den-
sity was distributed over each of these effect size intervals
in the analysis. It is clear from Figure 3 that while the large
effect interval was from 0.5 to infinity, the prior density
approaches zero as effect sizes approach infinity. For the
Bayes Factor analysis, values greater than 1 indicate support
for a small effect over a large effect. A Bayes Factor of 5 in
favor of either model was selected a priori to indicate sub-
stantive support from the data. We acknowledge that Bayes
Figure 2. A trial of the orientation recall task. For the dual task, such a
trial was completed in place of the 8-second retention interval of the
letter recall task. Shades of gray represent different colors. Not to
scale.
Experimental Psychology (2019), 66(1), 77–85 2019 Hogrefe Publishing Distributed under the
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Factors should primarily be used to inform relative plausi-
bility of competing models but suggest their use as the basis
for decision criteria can be instructive (e.g., Jeffreys, 1961).
Finally, posterior estimates of the effect size for the differ-
ence between the single and dual task condition for each
outcome measure are reported (see also Figure 4).
The median posterior estimate for the mean difference
between precision for the single (M = 0.61, SD = 0.3) and
dual task (M = 0.54, SD = 0.32) conditions was 0.07
(95% credible interval [0.0064, 0.15]). The data were
6.29 times more likely under a model assuming a small
versus a large effect. The median posterior estimate for
the effect size of the change in precision between the single
and dual task conditions was 0.32 (95% credible interval
[0.027, 0.68]).
For the probability of recalling the target orientation, the
median estimate of the mean difference between the single
(M = 0.83, SD = 0.17) and dual task (M = 0.71, SD = 0.27)
Figure 3. The two effect size intervals
for the small and large effect models. As
can be seen, for the large effect model
the majority of the prior density was
distributed over values of less than 2.
Figure 4. Violin plots for the distribution
of posterior estimates of the cross-
modal interference effect size. Horizon-
tal lines represent 2.5, 50, and 97.5th
quantiles.
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conditions was 0.11 (95% credible interval [0.015, 0.2]).
The Bayes Factor in support of a small versus a large effect
was 1.93. Finally, the median estimate for the effect size
was 0.41 (95% credible interval [0.054, 0.79]).
The median estimate for the difference in color judgment
accuracy between the single (M = 0.91, SD = 0.072) and
dual task (M = 0.9, SD = 0.06) conditions was 0.014
(95% credible interval [0.011, 0.039]). The Bayes Factor
in support of a small versus a large effect was 24.09.
The median estimate for the effect size was 0.2 (95% cred-
ible interval [0.16, 0.57]).
The median estimate for the difference in the proportion
of letters correctly recalled between the single (M = 0.79,
SD = 0.12) and dual task (M = 0.76, SD = 0.13) conditions
was 0.031 (95% credible interval [0.0071, 0.056]). The
Bayes Factor in support of a small versus a large effect
was 1.02. The median estimate for the effect size was
0.46 (95% credible interval [0.1, 0.84]). The average span
for participants was 6.23 (SD = 1.05; range = 5–9).
Overall, the Bayes Factors and effect size estimates are
generally in alignment, indicating some support for small
rather than medium-large dual task effects, and effect size
estimates of between 0.2 and 0.5.
Exploratory Analysis
Given the reduction in the probability of recalling the orien-
tation of the target bar between the single and dual task
conditions, we explored whether this accompanied an
increase in the probability of recalling the orientation of
the other items in the array (non-targets) or guessing. The
median estimate for the difference in the probability of
recalling a non-target orientation between the single (M =
0.0000088, SD = 0.000018) and dual task (M =
0.000059, SD = 0.00015) conditions was 0.000045
(95% credible interval [0.0001, 0.0000077]). The med-
ian estimate for the difference in the probability of a uniform
response distribution, that is, guessing, between the single
(M =0.17, SD=0.17) anddual task (M =0.29, SD=0.27) con-
ditions was 0.11 (95% credible interval [0.2, 0.014]).
While we feel the intervals chosen for the multiple com-
ponent and embedded processes models are justified, we
acknowledge others may disagree and prefer alternate
intervals. To facilitate this disagreement, Table 1 replicates
the Bayes Factor analysis used for the confirmatory analysis
by varying the interval chosen to represent the two models.
As the upper limit of the multiple component model inter-
val is reduced, the evidence in favor of that model reduces.
We have also created a Shiny web application (Chang,
Cheng, Allaire, Xie, & McPherson, 2017) where readers
are able to select their own intervals for the two models
available at https://edjberry.shinyapps.io/BF_intervals/.
Finally, the analysis was rerun using only those trials
where verbal accuracy was 100%. This criterion is com-
monly used when evaluating dual task effects (e.g., Morey
& Cowan, 2004). The mixture model could not be used
for this subset as there were insufficient trials for the model
to converge. Nevertheless, the analyses of precision and
color recall accuracy could still be carried out. For precision,
the Bayes Factor in support of a small versus a large effect
was 323.9. The median estimate for the dual task effect size
was 0.04 (95% credible interval [0.30, 0.38]). For color
recall accuracy, the small effect model was supported by
a Bayes Factor of 1,994.5 (median effect size estimate:
0.13; 95% credible interval [0.49, 0.22]).
Discussion
This study investigated the magnitude of the cross-modal
interference effect for concurrently remembering verbal
(letter sequences) and visual information (orientation of
colored bars). Bayes Factor analyses supported the predic-
tion that there is a small, rather than a large, reduction in
Table 1. The Bayes Factors (BF) in support of a small versus large dual task effect for different effect size intervals. Values lower than 1 indicate
support for the embedded processes rather than the multiple component model effect size interval. Bold values indicate cases where either
interval is supported by a BF of  5
Multiple component interval Embedded processes interval Color judgment Precision Probability target Verbal accuracy
(0, 0.1) (0.3, Inf) 4.27 1.15 0.37 0.19
(0, 0.2) (0.3, Inf) 5.09 1.71 0.66 0.38
(0, 0.3) (0.3, Inf) 5.50 2.28 1.04 0.66
(0, 0.1) (0.5, Inf) 18.71 3.17 0.69 0.30
(0, 0.2) (0.5, Inf) 22.29 4.74 1.22 0.58
(0, 0.3) (0.5, Inf) 24.09 6.29 1.93 1.02
(0, 0.1) (0.8, Inf) 1,002.19 85.12 8.28 2.37
(0, 0.2) (0.8, Inf) 1,194.33 127.15 14.64 4.60
(0, 0.3) (0.8, Inf) 1,290.44 168.92 23.17 8.03
Note. Inf = Infinity.
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the precision with which items are represented in visual
working memory when required to concurrently maintain
verbal information. This analysis also supported the predic-
tion that there would be a small reduction in the accuracy
of recalling categorical color information for visual items.
For the probability of recalling the target orientation, the
data were more likely under a small effect model but failed
to meet our a priori cut-off. The results for the letter recall
were also indeterminate with respect to our two predictions.
Thus, while not all our measures reached the preregistered
cut-off for providing evidence to differentiate between the
two models, on balance our results provide more support
for multiple component accounts of WM and little clear
support for a domain-general resource account of storage
in WM.
The exploratory analyses showed that the reduction in
the probability of recalling the target orientation in the dual
task condition resulted in an increased probability of
making a uniform response (i.e., guessing), rather than par-
ticipants being more likely to recall a non-target orientation.
Thus, a verbal load does not appear to increase the proba-
bility of mis-binding errors due to item features interfering
in visual WM.
When discussing dual task effects, it is useful to distin-
guish between perceptual-motor and cognitive processes
(e.g., Thalmann & Oberauer, 2016). Dual task costs are
typically largest, both within and between modalities, when
the interfering tasks involve overlapping perceptual-motor
processing (Thalmann & Oberauer, 2016). For example,
one would expect interference to be greater if both tasks
require participants to make verbal responses. In contrast,
dual task interference is generally smaller when the two
tasks share only cognitive processes. This distinction fits
nicely with our results as we ensured there was no overlap
in perceptual-motor processes for our tasks. With our verbal
task, stimuli were presented aurally and responses were
spoken. For the visual task, stimuli were presented visually
with manual responses. Therefore, our results are not con-
taminated by within-modality perceptual-motor interfer-
ence inflating supposed cross-modal interference effects.
This distinction is important where we want to isolate our
inquiry to cognitive processes distinct from the attentional
bottlenecks at input or during response output.
One possible limitation of this work could be that 3-item
visual arrays are insufficient to capture most or all of a
domain-general storage capacity in working memory. This
would leave additional capacity to maintain verbal items,
resulting in the small dual task costs we observe. However,
the difficulty of the verbal task was set individually at each
participant’s measured span precisely to address this con-
cern. It was assumed that participants would use any
domain-general storage capacity, in addition to passive
storage, to maximize performance on the letter span task.
This domain-general capacity would then not be available
to the same extent in the dual task condition, resulting in
a large deterioration in performance. While there was a
reduction in performance, this did not meet our preregis-
tered decision rule. This highlights the need for the field
to focus on effect size predictions rather than simply
whether effects are observed or not. We did not titrate
the visual task given the difficulty of doing so with a contin-
uous (analog) response task: performance can only be
evaluated from a large number of trials meaning that any
staircase procedure would be prohibitively long to
complete.
The exploratory analysis reported in Table 1 illustrates
how the strength of evidence can shift when the small
and large effect size interval are varied. The evidence for
a small dual task effect ranged from “decisive” to “barely
worth mentioning” (Jeffreys, 1961), depending on the
particular pair of intervals that were selected. However,
on balance, the preregistered intervals indicate some sup-
port for small dual task effects and no evidence for large
effects. The Shiny app we have created allows readers to
choose their own pair of intervals and see how the results
are affected (see Table 1).
Although the outcomes of this study somewhat favor a
multiple component approach, they do not decisively decide
between this and a general resource account of WM.
Challenges remain in identifying effective methodological
tools to cleanly distinguish between theoretical accounts.
For example, the overall pattern of relatively small dual task
costs observed in the present study might be captured by
appealing to alternative distinctions between different forms
of storage (namely the focus of attention and activated
LTM) described within embedded processes accounts.
Thus, the visual task could be accomplished via the focus
of attention, while the letter stimuli in the verbal serial recall
task are held in activated LTM. However, this speculative
explanation is unlikely, not least given the recent persuasive
arguments by Norris (2017) that LTM does not provide a
plausible way of retaining serial order information. More
broadly, it is notable that Cowan, Saults, & Blume (2014)
modified the original Cowan (2005) theoretical framework
by arguing for a peripheral component of working memory
that functions like the phonological loop in the multiple
component models and is separate from the focus of atten-
tion. This suggests that the embedded processes and the
multi-component accounts might be starting to resolve their
differences (see Baddeley, 2012; Gray et al., 2017; Hu, Hitch,
Baddeley, Zhang, & Allen, 2014).
The two accounts could still be contrasted by increasing
the number of to-be-remembered items in the visual task.
At least, one multiple component account (Duff & Logie,
2001; Logie, 2011; Logie et al., 2004) explains dual task
interference by suggesting that a fixed amount of general
2019 Hogrefe Publishing Distributed under the
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processing resource is required when completing two tasks
simultaneously. This means the magnitude of the interfer-
ence effect should remain constant under an increase in
the overall demand of the two tasks. Some evidence for this
was reported by Logie et al. (2004) but with small sample
sizes in a study focused on contrasting healthy aging with
Alzheimer’s disease. Crucially, in that study, the visual pro-
cessing task involved following a moving target around a
computer screen, so engaged perceptuo-motor processing
load rather than memory for visual items. As noted earlier,
memory for visual material may be supplemented by using
verbal codes. For example, in the current experiment,
approximate orientations might be coded as points on a
compass (north, northeast, southwest, etc.). This might help
explain why some of our measures (namely probability of
target orientation recall and letter recall) did not reach
the preregistered cut-off for small dual task effects. Future
studies could adopt different methodologies, for example,
using difficult-to-name colors or different shades of the
same color as the visual memoranda, which could further
minimize the potential contribution of verbal coding. If
the storage of verbal and visual items is dissociable, then
increasing the number of visual items should simply result
in more visual information being forgotten in both the sin-
gle and dual task conditions. This would not be affected by
the imposition of verbal load over and above the cost asso-
ciated with performing the two tasks that we observe here.
On the other hand, if a domain-general storage capacity
supports storage in WM, then the dual task cost should
be larger when the number of items for the visual task is
increased. If a larger total number of items draws on a
shared storage capacity, the reduction in performance
under dual task load should be more pronounced,
supporting a domain-general account of WM. Future work
could also investigate whether other factors that affect dual
task interference, such as verbal rehearsal of the concurrent
task (Morey & Cowan, 2005), generalize to precision
measures.
This study represents an attempt to quantify the magni-
tude of dual task costs that emerge between verbal and
(continuous and categorical) visual memory and compare
these against preregistered predictions derived from mul-
ti-component and embedded processes accounts of work-
ing memory. Overall, three of our measures produced
evidence for small dual task costs as predicted by the mul-
ti-component approach, while the remaining two were
equivocal and did not reach our preregistered criteria for
either small or medium to large effects. The outcomes of
this study, as well as the opportunity to contrast how the
adoption of differing effect size intervals provide shifting
evidence for different models, should connect to and
inform the ongoing movement to more robustly and trans-
parently test theoretical accounts of working memory.
References
Baddeley, A. D. (1992). Working memory. Science, 255, 556–559.
Baddeley, A. D. (2012). Working memory: Theories, models, and
controversies. Annual Review of Psychology, 63, 1–29. https://
doi.org/10.1146/annurev-psych-120710-100422
Baddeley, A. D. (2000). The episodic buffer: A new component of
working memory? Trends in Cognitive Sciences, 4, 417–423.
http://doi.org/10.1016/S1364-6613(00)01538-2
Baddeley, A. D., & Hitch, G. (1974). Working memory. Psychology of
Learning and Motivation, 8, 47–89. https://doi.org/10.1016/
S0079-7421(08)60452-1
Bays, P. M., Catalao, R. F. G., & Husain, M. (2009). The precision of
visual working memory is set by allocation of a shared
resource. Journal of Vision, 9, 7.1–7.11. https://doi.org/
10.1167/9.10.7
Chang, W., Cheng, J., Allaire, J., Xie, Y., & McPherson, J. (2018).
shiny: Web application framework for R. R package version 1.2.0.
Retrieved from https://CRAN.R-project.org/package=shiny
Cocchini, G., Logie, R. H., Della Sala, S., MacPherson, S. E., &
Baddeley, A. D. (2002). Concurrent performance of two memory
tasks: Evidence for domain-specific working memory systems.
Memory & Cognition, 30, 1086–1095. https://doi.org/10.3758/
BF03194326
Conrad, R. (1964). Acoustic confusions in immediate memory.
British Journal of Psychology, 55, 75–84. https://doi.org/
10.1111/j.2044-8295.1964.tb00899.x
Cowan, N. (2005). Working memory capacity,. New York, NY:
Psychology Press.
Cowan, N., Saults, J. S., & Blume, C. L. (2014). Central and
peripheral components of working memory storage. Journal of
Experimental Psychology General, 143, 1806–1836. https://doi.
org/10.1037/a0036814
Doherty, J. M., & Logie, R. H. (2016). Resource-sharing in multiple-
component working memory. Memory & Cognition, 44,
1157–1167. https://doi.org/10.3758/s13421-016-0626-7
Duff, S. C., & Logie, R. H. (2001). Processing and storage in working
memory span. The Quarterly Journal of Experimental Psychology,
54A, 31–48. http://doi.org/10.1080/02724980042000011
Farmer, E., Berman, I., & Fletcher, Y. (1986). Evidence for a visuo-
spatial scratch-pad in working memory. The Quarterly Journal
of Experimental Psychology, 38A, 675–688. https://doi.org/
10.1080/14640748608401620
Gorgoraptis, N., Catalao, R. F. G., Bays, P. M., & Husain, M. (2011).
Dynamic updating of working memory resources for visual
objects. Journal of Neuroscience, 31, 8502–8511. https://doi.
org/10.1523/JNEUROSCI.0208-11.2011
Gray, S., Green, S., Alt, M., Hogan, T., Kuo, T., Brinkley, S., &
Cowan, N. (2017). The structure of working memory in young
children and its relation to intelligence. Journal of Memory and
Language, 92, 183–201. https://doi.org/10.1016/j.jml.2016.
06.004
Hu, Y., Hitch, G. J., Baddeley, A. D., Zhang, M., & Allen, R. J. (2014).
Executive and perceptual attention play different roles in
visual working memory: Evidence from suffix and strategy
effects. Journal of Experimental Psychology: Human Perception
and Performance, 40, 1665–1678. https://doi.org/10.1037/
a0037163
Jeffreys, H. (1961). Theory of probability. Oxford, UK: Oxford
University Press.
Kruschke, J. (2014). Doing Bayesian data analysis: A tutorial with
R. JAGS, and Stan. Cambridge, MA: Academic Press.
Logie, R. H. (1986). Visuo-spatial processing in working memory.
The Quarterly Journal of Experimental Psychology, 38A,
229–247. https://doi.org/10.1080/14640748608401596
Experimental Psychology (2019), 66(1), 77–85 2019 Hogrefe Publishing Distributed under the
Hogrefe OpenMind License http://dx.doi.org/10.1027/a000001
84 Ed D. J. Berry et al., The Effect of a Verbal Concurrent Task on Visual Precision
 
${
pro
toc
ol}
://e
co
nte
nt.
ho
gre
fe.
co
m/
do
i/p
df/
10
.10
27
/16
18
-31
69
/a0
00
42
8 -
 Tu
esd
ay
, M
ay
 21
, 2
01
9 2
:19
:08
 A
M
 - I
P A
dd
res
s:1
92
.41
.13
1.2
55
 
Logie, R. H. (1995). Visuo-spatial working memory. Hove, UK:
Erlbaum.
Logie, R.H. (2011). The functional organisation and the
capacity limits of working memory. Current Directions in
Psychological Science, 20(4), 240–245. https://doi.org/
10.1177/0963721411415340
Logie, R. H. (2016). Retiring the central executive. The Quarterly
Journal of Experimental Psychology, 69, 2093–2109. https://
doi.org/10.1080/17470218.2015.1136657
Logie, R. H., Cocchini, G., Della Sala, S., & Baddeley, A. D. (2004). Is
there a specific executive capacity for dual task coordination?
Evidence from Alzheimer’s disease. Neuropsychology, 18,
504–513. https://doi.org/10.1037/0894-4105.18.3.504
Logie, R. H., Della Sala, S., Wynn, V., & Baddeley, A. D. (2000).
Visual similarity effects in immediate verbal serial recall. The
Quarterly Journal of Experimental Psychology, 53A, 626–646.
https://doi.org/10.1080/713755916
Logie, R. H., Saito, S., Morita, A., Varma, S., & Norris, D. (2016).
Recalling visual serial order for verbal sequences. Memory &
Cognition, 44, 590–607. https://doi.org/10.3758/s13421-015-
0580-9
Logie, R. H., Zucco, G., & Baddeley, A. D. (1990). Interference with
visual short-term memory. Acta Psychologica, 75, 55–74.
https://doi.org/10.1016/0001-6918(90)90066-O
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H.,
Howerter, A., & Wager, T. D. (2000). The unity and diversity of
executive functions and their contributions to complex “frontal
Lobe” tasks: A latent variable analysis. Cognitive Psychology,
41, 49–100. https://doi.org/10.1006/cogp.1999.0734
Morey, C. C. (2018). The case against specialized visual-spatial
short-term memory. Psychological Bulletin, 144, 849–883.
https://doi.org/10.1037/bul0000155
Morey, C. C., & Cowan, N. (2004). When visual and verbal
memories compete: Evidence of cross-domain limits in working
memory. Psychonomic Bulletin & Review, 11, 296–301. https://
doi.org/10.3758/BF03196573
Morey, C. C., & Cowan, N. (2005). When do visual and verbal
memories conflict? The importance of working-memory load
and retrieval. Journal of Experimental Psychology: Learning,
Memory, and Cognition, 31, 703–713. https://doi.org/10.1037/
0278–7393.31.4.703
Morey, C. C., Morey, R. D., van der Reijden, M., & Holweg, M.
(2013). Asymmetric cross-domain interference between two
working memory tasks: Implications for models of working
memory. Journal of Memory and Language, 69, 324–348.
https://doi.org/10.1016/j.jml.2013.04.004
Morey, R. D. (2014). Bayes factor t tests, part 2: Two-sample
tests,. [Blog post]. Retrieved from http://bayesfactor.blogspot.
co.uk/2014/02/bayes-factor-t-tests-part-2-two-sample.html
Morey, R. D., & Rouder, J. N. (2015). BayesFactor: Computation of
Bayes Factors for common designs,. Retrieved from https://
cran.r-project.org/package=BayesFactor
Norris, D. (2017). Short-term memory and long-term memory are
still different. Psychological Bulletin, 143, 992–1009. https://
doi.org/10.1037/bul0000108
Peirce, J. W. (2007). PsychoPy-psychophysics software in Python.
Journal of Neuroscience Methods, 162, 8–13. https://doi.org/
10.1016/j.jneumeth.2006.11.017
Pertzov, Y., Heider, M., Liang, Y., & Husain, M. (2015). Effects of
healthy ageing on precision and binding of object location in
visual short term memory. Psychology and Aging, 30, 26–35.
https://doi.org/10.1037/a0038396
R Core Team. (2016). R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Com-
puting. Retrieved from https://www.r-project.org/
Thalmann, M., & Oberauer, K. (2016). Domain-specific interfer-
ence between storage and processing in complex span is driven
by cognitive and motor operations. The Quarterly Journal of
Experimental Psychology, 0218, 1–18. https://doi.org/10.1080/
17470218.2015.1125935
Zokaei, N., Burnett Heyes, S., Gorgoraptis, N., Budhdeo, S., &
Husain, M. (2015). Working memory recall precision is a more
sensitive index than span. Journal of Neuropsychology, 9, 319–
329. http://doi.org/10.1111/jnp.12052
History
Received January 18, 2018
Revision received July 6, 2018
Accepted August 1, 2018
Published online February 19, 2019
Funding
This work was supported by a Study Visit grant to Ed D. J. Berry
from the Experimental Psychology Society, UK. Robert H. Logie’s
research is funded by a grant from the UK Economic and Social
Research Council, number ES/N010728/1. Some of the experi-
mental tasks were adapted, with permission, from code written by
Jason M. Doherty and Stephen Rhodes for the “Working memory
across the adult lifespan: An adversarial collaboration” project
(http://womaac.psy.ed.ac.uk/).
Open Data
All tasks were written in PsychoPy 1.84 (Peirce, 2007). The code
for all the tasks is available at https://osf.io/59c4g/.
ORCID
Ed D. J. Berry
https://orcid.org/0000-0003-3456-4122
Ed D. J. Berry
School of Psychology
University of Leeds
Lifton Place
Leeds, West Yorkshire LS2 9JT
UK
eddjberry@gmail.com
2019 Hogrefe Publishing Distributed under the
Hogrefe OpenMind License http://dx.doi.org/10.1027/a000001
Experimental Psychology (2019), 66(1), 77–85
Ed D. J. Berry et al., The Effect of a Verbal Concurrent Task on Visual Precision 85
 
${
pro
toc
ol}
://e
co
nte
nt.
ho
gre
fe.
co
m/
do
i/p
df/
10
.10
27
/16
18
-31
69
/a0
00
42
8 -
 Tu
esd
ay
, M
ay
 21
, 2
01
9 2
:19
:08
 A
M
 - I
P A
dd
res
s:1
92
.41
.13
1.2
55
 
